INTRODUCTION 47
Germ cell death occurs via apoptosis, whether spontaneously during normal 48 spermatogenesis or triggered by different stimuli (Blanco-Rodríguez and Martínez-García, 49 1996, 1998; Cai et al, 1997; Sinha Hikim et al, 1997; Lee et al, 1999) . In the Syrian hamster 50 both the short photoperiod exposure, which is characterized by a sharp fall in testosterone 51 (Calvo et al, 1997) , and aging characterized by normal androgen levels (Horn et al, 1996, 52 Calvo et al. 1999), are physiological situations of germ cell loss and atrophy of the 53 seminiferous epithelium (Horn et al, 1996; Morales et al, 2002 Morales et al, , 2003 Morales et al, , 2004 . 54
Apoptosis has been involved in testicular germ cell loss during aging in numerous species, 55 including humans (Brinkworth et al, 1997; Kimura et al, 2003) and rodents, such as the mouse 56 (Barnes et al, 1998), rat (Wang et al, 1999; Barnes et al, 1999) and Syrian hamster (Morales et 57 al, 2003) . In aged rats germ cell apoptosis has been related to specific stages of the 58 seminiferous epithelium cycle (Wang et al, 1999) , although this aspect has not been studied in 59 other species. Also, short photoperiod exposure induces germ cell apoptosis in white-footed 60 mouse (Young et al, 1999 (Young et al, , 2000 and Syrian hamster (Morales et al, 2002) . However, the 61 specific germ cell population affected has not sufficiently been documented in both models of 62 seminiferous epithelium atrophy. 63 Apoptosis can be triggered by three mechanisms: 1) the binding of Fas-L to Fas receptor 64 expressing cells (Itoh et al, 1991; Oehm et al, 1992; Suda et al, 1993) ; 2) the activation of 65
Bcl-2 family members (Yang and Korsmeyer, 1996 ; Green and Reed, 1998); and 3) the 66 endoplasmic reticulum pathway (Nakagawa et 
RESULTS 214
In situ detection of apoptosis. 215
In young and aged hamsters the germ cells undergoing apoptosis were predominantly 216 spermatogonia and spermatocytes in different meiotic phases, and occasionally round 217 spermatids. A study of apoptosis during the seminiferous epithelium cycle showed that 218 apoptotic spermatogonia were present in stages I-IV (Fig. 1A ) and V-VI ( 
Aging and short photoperiod exposure increase apoptotic indexes in the seminiferous 231 epithelium of Syrian hamsters (tables 1 and 2). 232
Quantitatively, aging induced an increase in the percentage of both spermatogonia and 233 spermatocytes in apoptosis. During the cycle of the seminiferous epithelium, germ cell 234 apoptosis (% of apoptotic SG+SC) was higher in aging in stages I-IV, V-VI and VII-VIII (P 235 <0.05) ( Table 1 ). The percentage of apoptotic spermatogonia was significantly increased in 236 stages I-IV and V-VI (P <0.05) with no differences in stages VII-VIII and IX-XIII (Table 1) . 237
The percentage of spermatocytes their preleptotene phase and pachytene in apoptosis was 238 significantly higher in aged than in young hamsters (P<0.05), with no differences in 239 leptotene-zygotene spermatocytes. The percentage of pachytene spermatocytes in apoptosis 240 was significantly increased in stages I-IV, V-VI and VII-VIII (P<0.05) with no differences in 241 stages IX-XIII. 242
After 8 weeks of short photoperiod exposure, the percentage of apoptotic spermatocytes 243 was significantly increased with respect to animals maintained in a normal photoperiod 244 (P<0.05). But no differences in the percentage of apoptotic spermatogonia were found 245 between groups (Table 2) . 246
Immunohistochemistry. 247
Fas/Fas-L system. Immunohistochemistry showed the presence of Fas-L in 248 cytoplasmatic prolongations of Sertoli cells ( Fig. 2A) and in Leydig cells of young, aged ( (Figs. 2G, 2H) . However, photoinhibited hamsters showed an intense immunoreactivity for 257 p53, predominantly in the spermatocytes (Fig. 2I) and occasionally in the spermatogonia and 258 early round spermatids. 259
Bcl-2 family proteins. Staining for Bax was observed in round spermatid acrosomes of 260 young and aged hamsters (Figs. 2J, 2K) . In photoinhibited hamsters an intense 261 immunoreativity for Bax was observed in spermatocytes (Fig. 2L ) and some staining was 262 observed in Leydig cells. In young and aged hamsters, the seminiferous tubules were12 negative for Bcl-2 staining (Figs. 3A, 3B ). However, in photoinhibited hamsters Bcl-2 was 264 intensively expressed by Sertoli and Leydig cells (Fig. 3C) . 265
Germ cells of young hamsters, including spermatogonia, spermatocytes, spermatids and 266 spermatozoa, showed an reactivity to Bcl-x L during the different stages of the seminiferous 267 epithelium (Fig. 3D) . Also, some immunoreactivity was observed in Sertoli cells. However, 268 both in aged and photoinhibited hamsters the Bcl-x L staining declined in germ cells and 269
Sertoli cells (Figs. 3E, 3F ). Bcl-x S/L was present in germ cells and Leydig cells of young and 270 aged hamsters (Fig. 3G) . Also, in aged hamsters, an intense immunoreactivity for Bcl-x S/L 271 was observed in spermatocytes of the seminiferous tubules which were in maturation arrest of 272 spermatogenesis (Figs. 3H) . In photoinhibited hamsters a strong immunoreactivity for Bcl-273 x S/L was observed, especially in spermatocytes (Fig. 3I) . 274
Western blot analysis 275
Similar levels of Fas-L (38 kDa) were found in the teste of young, aged and 276 photoinhibited hamsters (Fig. 4A) . A slight expression of Fas (48 kDa) was observed in 277 young and aged animals. However, in hamsters exposed to a short photoperiod a strong 278 expression of Fas was observed (Fig. 4B) . In hamsters exposed to a short photoperiod, the 279 levels of p53 were than in young hamsters maintained in a normal photoperiod (Fig. 4C) . 280
Aged hamsters showed similar levels of p53 as young hamsters. Bax (23 kDa) levels were 281 similar in young, aged and photoinhibited hamsters (Fig. 4D ). Western analysis demonstrated 282 similar levels of Bcl-2 (28 kDa) in the testes of young and aged hamsters, but a strong 283 expression was found in photoinhibited hamsters (Fig: 4E) . In aged hamsters and those 284 exposed to a short photoperiod, the levels of Bcl-x L (31 kDa) showed to minor intensity that 285 young hamsters maintained in normal conditions (Fig. 4F) . 286
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DISCUSSION 287
Testicular germ cell apoptosis in aged hamsters and animals exposed to a short 288
photoperiod. 289
In young hamsters maintained in normal photoperiod spontaneous apoptosis was 290 observed in spermatogonia, primary spermatocytes and occasionally in round spermatids. 291
Apoptotic spermatogonia were found predominantly in stages I-IV and V-VI of the 292 seminiferous epithelium cycle. In primary spermatocytes apoptosis was detected 293 predominantly in preleptotenes and to a lesser extent in leptotene-zygotene and pachytene. In 294 the Syrian hamster apoptosis constitutes a cellular mechanism that allows the seminiferous 295 epithelium to control the number of germ cells which is supported by Sertoli cells, 296 eliminating aberrant cells and regulating sperm production (Hsueh et al, 1996) . This control 297 takes place in stages when spermatogonia are more numerous and during the beginning of 298 meiosis (preleptotenes) supporting the idea that apoptosis affects spermatogonia in areas 299 where these are too numerous and is absent from areas of low spermatogonia density (De 300
Rooij and Jansen, 1987; De Rooij and Lok, 1987). 301
Aging and exposure to a short photoperiod provoked a significant increase in apoptosis 302 in the seminiferous epithelium of Syrian hamsters. However, aging induced increase in 303 apoptotic spermatogonia and spermatocytes, whereas short photoperiod exposure encouraged 304 an increase in apoptotic spermatocytes without affecting the population of spermatogonia. 305
Aging increased germ cell apoptosis in stages I-IV, V-VI and VII-VIII of the seminiferous 306 epithelium cycle of Syrian hamsters. In previous studies in rats, an increase in germ cell 307 apoptosis was observed in all the stages of the seminiferous epithelium cycle although the 308 increase was only statistically significantly in stages XII-XIV (Wang et al, 1999) . Other 309 experimental situations, including heat exposure and testosterone deprivation, have led to 310 differences in the incidence of germ cell apoptosis during the stages of the seminiferous 311 14 epithelium cycle. After gonadotrophin deprivation and intratesticular testosterone in the rat, 312 apoptosis occurred in stages VII-VIII, whereas hyperthermia induced germ cell apoptosis in 313 stages I-IV and XII-XIV (Sinha Hikim et al, 2003) . These studies indicate that apoptosis 314 depends on the stages of the seminiferous epithelium cycle, and that it differs according to the 315 trigger stimuli even in the same animal species. 316
In the Syrian hamster aging increased apoptosis in the spermatogonia in stages I-IV and 317 V-VI, while apoptosis was absent in stages VII-VIII and IX-XIII, similar to the results 318 observed in young animals. As mentioned above, these results, probably reflect the existence 319 of an optimal and constant regulation of germ cell density by an increasing apoptosis of 320 spermatogonia in areas where these cells are too numerous (De Rooij and Janssen 1987; De 321 Rooij and Lok 1987). Also, aging induced an increase in apoptotic pachytene spermatocytes 322 over to the low rate found in young hamsters. It is known that control points are not confined 323 to cells that divide by mitosis, but also operate during meiosis. Of particular note is the 324 control checkpoint at the end of the pachytene phase of the meiotic prophase, when the 325 meiotic recombination and chromosome synapse are incomplete (Roeder, 1997) , preventing 326 the production of aneuploid gametes (Roeder and Bailis, 2000) . Our results in aging hamsters 327 suggest that this increase at apoptosis in pachytene spermatocytes provide a control 328 mechanism of meiosis that could eliminate aberrant aged germ cells. The strong coincidence 329 between spontaneous and age induced apoptosis in the same germ cell types and in the same 330 stages of the seminiferous epithelium cycle, suggest that aging causes an exacerbation of 331 apoptosis at checkpoints where the germ cells are eliminated spontaneously. It is reasonable 332 to think that the high degree to synchronization required during the spermatogenic process 333 imposes a strict control over germ cell apoptosis, both in normal situations and in situations 334 that imply a deteriorated spermatogenic capacity of the epithelium such as aging. In young and aged Syrian hamsters, a slight expression of Fas was observed, mainly in 363
Leydig cells, which agrees with previous results reported in rodents, such mouse (Koji et al, 364 2001) and rat (Lee et al, 1999) , as well as in humans (Francavilla et al, 2000; 2002) . These 365 results suggest that there is no evidence to support a relationship between the Fas system and 366 germ cell apoptosis in the testis of young and aged hamsters, as was found in the mouse (Koji, 367 2001) . Although the Fas system is essential for germ cell apoptosis in several pathological 368 situations it is irrelevant in normal conditions (Koji, 2001 ). However, Western blot analysis 369 revealed a significant increase in Fas expression in photoinhibited testes. Also, 370
immunohistochemically Fas was strongly expressed by the spermatocytes of hamsters exposed 371 to a short photoperiod, which is coincident with the predominantly TUNEL-positive germ 372 cells observed in the spermatocytes of these animals. In Fas mediated apoptosis, the binding of 373 due to a predominance of pro-apoptotic Bcl-x S forms, similar to that observed by 405 immunocytochemistry in aging human testes (Kimura et al, 2003) . This imbalance between 406 members of the Bcl-2 family, with a predominance of proapoptotic forms in germ cells, 407 seems would be responsible for the increase in germ cell apoptosis found in aged hamsters 408 activating the mitochondrial pathway of apoptosis; Fas/Fas-L system and p53 also participate 409 in the increase of germ cell apoptosis in hamsters exposed to a short photoperiod. 
